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GEOLOGIC MASS OF EARLY APOLLO I N G  SITES OF SET C 

By N. J. Trask  

ABSTRACT 

Comparison of t h e  f i v e  p o t e n t i a l  e a r l y  Apol lo  l and ing  sites 

of s e t  C r e v e a l s  s i g n i f i c a n t  g e o l o g i c  s i m i l a r i t i e s  and d i f f e r e n c e s ,  

No two s i t e s  a r e  i d e n t i c a l ;  t h e  geology of each should be consid-  

e r e d  i n  t h e  i n t e r p r e t a t i o n  of r e t u r n e d  l u n a r  samples and observa-  

t i o n s .  Geologic maps of each s i t e  have been prepared a t  s c a l e s  

of 1 :5 ,000,  1:25,000, and 1:100,000. 

F e a t u r e s  emphasized on t h e  1:5 ,000-scale  maps a r e  commcn t o  

a l l  t h e  s i t e s  and inc lude  mainly t h e  widespread l u n a r  r e g o l i t h  

and smal l  c r a t e r s  of v a r i e d  age and o r i g i n .  Because t h e y  cover  

t h e  l u n a r  s u r f a c e  and because m o b i l i t y  w i l l  be l i m i t e d  on e a r l y  

miss ions ,  t h e s e  u b i q u i t o u s  f e a t u r e s  w i l l  be t h e  main o b j e c t s  of 

s c i e n t i f i c  i n q u i r y  d u r i n g  t h e  f i r s t  manned land ings .  

Regional  geo log ic  d i f f e r e n c e s  among t h e  s i t e s  a r e  more ap- 

p a r e n t  on t h e  1:25,000- and 1:100,000-scale  maps. Mare materials 

i n  s i t e s  2 and 3 belong mainly t o  t h e  Imbrian System; t h e  materials 

i n  s i t e  3 appear  t o  be younger than  t h o s e  i n  s i t e  2. Mare mate- 

r i a l s  i n  s i t e s  4 and 5 belong e n t i r e l y  t o  t h e  E r a t o s t h e n i a n  System, 

Most m a t e r i a l s  i n  s i t e  1 have been ass igned  t o  t h e  Copernican Sys- 

tem. They c o n s i s t  of a young mant le  of r e l a t i v e l y  low-cohesboc 

m a t e r i a l  t h a t  covers  a n  o l d e r  c r a t e r e d  t e r r a i n ,  probably  p a r t  of  

t h e  t e r r a e .  Typ ica l  mare m a t e r i a l  occurs  o n l y  i n  t h e  e a s t e r n  ex- 

t r e m i t y  of s i t e  1. Ray m a t e r i a l s  and secondary impact c r a t e r s  

r e l a t e d  t o  l a r g e  rayed pr imary impact c r a t e r s  a r e  p r e s e n t  in 

s e v e r a l  o f  t h e  s i t e s .  

INTRODUCTION 

The U.S. Geolog ica l  Survey has  prepared g e o l o g i c  maps of po- 

t e n t i a l  e a r l y  Apol lo  l and ing  s i t e s  a t  s c a l e s  of 1:100,000, 1:25,- 

000,  and 1:5,000. The 1:100,000-scale  maps show t h e  r e g i o n a l  set- 

t i n g  of each l a n d i n g  s i t e  and can be compared t o  s m a l l e r  s c a l e  



reconnaissarlce g e o l o g i c  maps which cover  most of t h e  e a r t h s i d e  
1 

hemisphere of t h e  Moon. The 1:25,000-scale  maps show t h e  d e t a i l s  

of each l a n d i n g  e l l i p s e  and i t s  immediate v i c i n i t y .  The l :5 ,000-  

scale maps show smal l  d e t a i l s  i n  t h e  c e n t r a l  p a r t  of each l a n d i n g  

e l l i p s e .  F ive  s i t e s  i n  t h e  l u n a r  e q u a t o r i a l  b e l t  ( f i g .  1 ) - - s e t  

C--are p o t e n t i a l  t a r g e t s  f o r  a  l a n d i n g  on t h e  e a r l y  miss ions .  

They a r e  on e i t h e r  s i d e  of t h e  0" mer id ian  t o  p rov ide  a l t e r n a t e  

sites during a g i v e n  month i n  c a s e  of de lays .  S i t e s  4 and 5 ,  

n o r t h  and s o u t h  of t h e  e q u a t o r ,  a r e  a c c e s s i b l e  a t  d i f f e r e n t  t imes  

of th2 year,  The 5  s i t e s  were picked from a  group of some 25 

photographed by Lunar O r b i t e r ,  E a r l i e r ,  longer  l i s t s  of s i t e s  

were labeled A and B. 

This  r e p o r t  d e s c r i b e s  t h e  geology of t h e  f i v e  s i t e s  of s e t  

6, F e a t u r e s  common t o  a l l  s i t e s  a r e  d i s c u s s e d  i n  one s e c t i o n  and 

t h e  s p e c i a l  f e a t u r e s  of each s i t e  i n  a subsequent  s e c t i o n .  These 
L are both preceded by a  d i s c u s s i o n  of how t h e  s i t e s  were mapped. 
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LANDING SITE NUMBER 
( o f f i c i a l  d e s i g n a t i o n  
a p p e a r s  on 1:5,000- 
s c a l e  map) 

LUNAR ORBITER SITE I1 P-13 111 P-11 
NUMBER ( a p p e a r s  on 
1 : 100,000- s c a l e  map) 

OLD ELLIPSE NUMBER West One West Two C e n t r a l  One E a s t  One E a s t  Two 
( appears  on 1 : 25,000 
s c a l e  map) 

LONGITUDE : 41°40 '  W. 36'25' W. 1" 20 ' W. 23" 37 ' E. 34"00t  E. 

LATITUDE : 
U 

LOCATION : 

LAC CHART: 

A I C  CHART: 

1°40 ' N. 3"301  S. 0" 25 ' N. 0" 25 ' N. 2"40'  N. 

Oceanus Proce l l a rum S i n u s  Medi i  Mare T r a n q u i l l i t a t i s  

Southwest N o r t h e a s t  
of Kepler  Wichmann R 

South- South- 
southwest  sou t h e a s  t 

ICep l e r  Le t ronne  Mare Vaporum J u l i u s  Caesar  Tarun t  i u s  
5  7 7 5  5  9  60 6  1 

M a e s t l i n  W ichmann P a l l a s  Arago Maskelyne D 
5  7D 75B 59D 60 C 61D 

F i g u r e  1. - - L o c a t i o n  of  f i v e  e a r l y  A p o l l o  l a n d i n g  s i t e s  o f  set C. 
p---A---- --- 



The a u t h o r s  of t h e  15 maps cover ing  t h e  f i v e  s i t e s  a t  t h r e e  

scales a r e  l i s t e d  i n  t a b l e  1. Without t h e  long hours  s p e n t  i n  

p r e p a r i n g  the  maps, t h i s  summary would n o t  have been p o s s i b l e ;  

however, r e s p o n s i b i l i t y  f o r  s t a t e m e n t s  made i n  t h i s  r e p o r t  r e s t s  

s o l e l y  with myself .  Pe rsonne l  of t h e  U.S. Geolog ica l  Survey who 

p a r t i c i p a t e d  i n  t h e  a n a l y s i s  o f  O r b i t e r  photographs of t h e  f i v e  

sites, i n  a d d i t i o n  t o  those  l i s t e d  i n  t a b l e  1, were B. J. Moore 

11, T* A, Mutch, H. A. Pohn, R. S. Saunders ,  and H. G. W i l s h i r e .  

Harold Iviasursky, U.S. Geolog ica l  Survey,  provided c o n t i n u i n g  ad- 

vice and encouragement. 

GEOLOGY OF THE MOON, GENERAL 

Geologlc maps of t h e  Moon a t  r e l a t i v e l y  l a r g e  s c a l e s ,  l i k e  

tthose at smal l  s c a l e s ,  a r e  based on t h e  same fundamental  p r i n c i -  

p l e s  of  s u p e r p o s i t i o n  and i n t e r s e c t i o n  employed i n  mapping t e r -  

r e s t r i a l  geology. I n  g e n e r a l ,  m a t e r i a l s  t h a t  a r e  b e l i e v e d  t o  have 

formed under t h e  same c o n d i t i o n s  and a t  approximately  t h e  same 

time are grouped i n t o  u n i t s ,  and t h e  r e l a t i v e  ages  of t h e  u n i t s  

are  estimated. The s u r f a c e  of t h e  Moon i s  heterogeneous .  I ts 

f e a t u r e s  were a p p a r e n t l y  shaped b o t h  by impact of o b j e c t s  from 

space and e f f u s i o n  of m a t e r i a l  brought  up from t h e  Moon" i n t e r i o r  

by some form of volcanism. 

The fundamental  geo log ic  u n i t s  of t h e  Moon a r e  p o r t r a y e d  most 

e a s i l y  a t  t h e  s m a l l e s t  map s c a l e s .  The d i f f e r e n c e s  between t h e  

maria and t e r r a e  and between rayed and unrayed a r e a s  show up 

readily on photographs of t h e  e n t i r e  d i s k .  Bas ic  s u b d i v i s i o n s  o f  

t h e  maria and t e r r a e  a r e  on t h e  o r d e r  of t e n s  of k i l o m e t e r s  a c r o s s  

and a r e  shown conven ien t ly  on t h e  reconna i ssance  g e o l o g i c  maps a t  

a scale of L:l,000,000. A d d i t i o n a l  s u b d i v i s i o n s ,  1 t o  10 km 

a c r o s s ,  can be shown on 1:100,000-scale  maps, b u t  t h e  boundar ies  

of most of t h e s e  a r e  i n d e f i n i t e .  Except f o r  a few minor u n i t s ,  

no a d d i t i o n a l  b a s i c  s u b d i v i s i o n s  of t h e  s u r f a c e  m a t e r i a l s  can be 

made on the 1:25,000- o r  1 :5 ,000-sca le  maps. Lunar s u r f a c e  ma- 

t e r i a l s  become p r o g r e s s i v e l y  h a r d e r  t o  subd iv ide  a t  l a r g e r  s c a l e s ,  



Table  1.--Authors of g e o l o g i c  maps of Apol lo  l and ing  s i t e s  of  set C 

S c a l e  : 

Map a r e a  

O r b i t e r  I1 P-2 
M. H. Car r  

E l l i p s e  E a s t  Two ( I 1  P-2) 

S i t e  1 ( E a s t  Two) 
( s e l e c t e d  geo log ic  
f e a t u r e s )  

O r b i t e r  I1 P-6 

E l l i p s e  E a s t  One ( I 1  P-6) 

S i t e  2 ( E a s t  One) 
( s e l e c t e d  geo log ic  
f e a t u r e s )  

M. J. G r o l i e r  

O r b i t e r  I1 P-8 
L. C. Rowan 

E l l i p s e  C e n t r a l  One 

S i t e  3 ( C e n t r a l  One) 
( s e l e c t e d  geo log ic  
f e a t u r e s )  

O r b i t e r  111 P-11 

E l l i p s e  West Two 
( 1 1 1  P-11) 

S i t e  4 (West Two) 
( s e l e c t e d  g e o l o g i c  
f e a t u r e s )  

O r b i t e r  I1 P- 13 

E l l i p s e  West One 
( I 1  P- 13) 

S i t e  5 (West One) 
( s e l e c t e d  geo log ic  
f e a t u r e s )  

David Cummings 

D. E. Wilhelms 

D, E. S t u a r t -  
Alexander 

M. J. G r o l i e r  

Ma N* West 

N. J. Trask  

N. 3, Tsask 
and G, G. 
Schaber 

M. N. West 
and P. J. 
Cannon 

P, J, Cannon 

M. H. Carr and 
S. R. T i t l e y  

S. R. T i t l e y  
and N. J. 
Trask 

2"erry Harbour 
and R, E, 
Surton 



probably because impact ing m e t e o r i t i c  p a r t i c l e s  and,  p o s s i b l y ,  

h igh-energy s o l a r  p a r t i c l e s  and r a d i a t i o n  tend t o  b l u r  t h e  d i f -  

f e r e c c e s  between s u r f a c e  m a t e r i a l s  t h a t  a r e  t h i n  o r  l i m i t e d  i n  

e x t e n t .  

All f i v e  s u c c e s s f u l  Surveyors  provided evidence of a  l a y e r  

of s u r f i c i a l  debr i s - - t e rmed  t h e  l u n a r  r e g o l i t h  (Shoemaker and 

o t h e r s ,  1967a, p. 41) - - in  t h e  immediate v i c i n i t y  of t h e  l a n d i n g  

s i t e s ,  I n d i r e c t  evidence t h a t  t h e  r e g o l i t h  occurs  everywhere on 

t h e  Moon has been provided by Lunar O r b i t e r  photographs.  Thus,  

the  o r i g i n a l  s u r f a c e s  of a l l  l u n a r  g e o l o g i c  u n i t s ,  excep t  t h e  

v e r y  youngest ,  have probably  been g r e a t l y  modified by development 

of t h i s  d e b r i s  l a y e r .  The 1: 1,000,000- s c a l e  reconna i ssance  maps 

a t t e m p t  t o  show t h e  geo log ic  u n i t s  benea th  t h e  r e g o l i t h .  On t h e  

geo log ic  maps of t h e  Apol lo  s i t e s ,  many of t h e  u n i t s  r e p r e s e n t  

c r a t e r  m a t e r i a l s  which a r e  contemporaneous w i t h  and have con- 

t r i b ~ t e d  t o  t h e  r e g o l i t h ;  t h e s e  a r e  shown on a background of 

b a s i c  s u b d i v i s i o n s  of t h e  mare and t e r r a  m a t e r i a l s  t h a t  a r e  in -  

t e r p r e t e d  t o  u n d e r l i e  t h e  r e g o l i t h .  

Geologic u n i t s  on t h e  1:1,000,000 maps and on t h e  Apol lo  maps 

a t  1:100,000 and 1:25,000 a r e  ass igned  p o s i t i o n s  i n  t h e  s t a n d a r d  

l c n a r  time s c a l e  (Shoemaker and Hackman, 1962; Wilhelms, 1966; 

PcCauley, 1967). The 1:5 ,000-scale  maps show t h e  r e g o l i t h  i t -  

se l f  which does n o t  have a d i s c r e t e  age and i s  n o t  a ss igned  t o  a  

t i m e - s t r a t i g r a p h i c  d i v i s i o n .  The many c r a t e r s  shown a t  1:5,000 

e r e  also not ass igned  t o  t h e  t i m e - s t r a t i g r a p h i c  d i v i s i o n s  b o t h  

f o r  t h e  sake of c l a r i t y  and because  i t  i s  d i f f i c u l t  t o  e s t i m a t e  

t h e  r e l a t i v e  ages  of smal l  c r a t e r s .  

A S S I W N T  OF MATERIALS TO TIME-STRATIGRC1PNIC UNITS 

D e f i n i t i o n s  and Conventions 

T i m e - s t r a t i g r a p h i c  u n i t s  a r e  p lane twide  groupings  of rocks  

t h a t  w e r e  formed i n  a s p e c i f i c  i n t e r v a l  of time. The l u n a r  

s t r a t i g r a p h i c  column has  been worked o u t  f o r  t h e  r e g i o n  around 

Mare Imbrium, where a  s e r i e s  of w e l l - d e f i n e d  map u n i t s  is  v i s i -  

b l e  (Shoemaker and Hackman, 1962). Some of t h e s e  u n i t s  can  be 



c o r r e l a t e d  w i t h  s i m i l a r - a p p e a r i n g  u n i t s  i n  o t h e r  p a r t s  of tlre 

Moon. The major t i m e - s t r a t i g r a p h i c  d i v i s i o n s  a r e  c a l l e d  sys tems;  

each system corresponds t o  a  p e r i o d  of time marked by a  major  

e v e n t  i n  t h e  Mare Imbrium r e g i o n ,  a s  l i s t e d  i n  t a b l e  2. 

Table  2. --Lunar s t r a t i g r a p h i c  and t ime d i v i s i o n s ,  a s  shown ion -- 
1:1 ,000 ,000-sca le  maps ( t o p  t o  bottom--most r e c e n t  t o  o l d e s t )  

PERIOD (SYSTEM) EVENTS 

Copernican 

E r a t o s  t h e n i a n  

Irnbr i a n  

Formation of l a r g e  r a y  c r a t e r s  
( s u c h  a s  Copernicus) 

Formation of l a r g e  c r a t e r s  whose 
r a y s  a r e  no longer  v i s i b l e  
( such  a s  E r a t o s t h e n e s )  

i D e p o s i t i o n  of most of t h e  mare 
m a t e r i a l .  

I Formation of pre-mare c r a t e r s  
( s u c h  a s  Archimedes) 

LFormat ion of t h e  Imbrium bas  i n  

M a t e r i a l s  i n t e r p r e t e d  a s  p r e d a t i n g  t h e  fo rmat ion  of t h e  Tm- 
brium b a s i n  ( o t h e r  mare b a s i n  m a t e r i a l s  and c r a t e r  m a t e r i a l s )  are 
d e s i g n a t e d  pre-Imbrian and a r e  n o t  a ss igned  t o  systems. 

Geologic u n i t s  a r e  a r ranged  i n  t h e  map e x p l a n a t i o n s  with t h e  

youngest  u n i t s  a t  t h e  top  and t h e  o l d e s t  u n i t s  a t  t h e  botto171, The 

d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  of each u n i t  a r e  g iven  f i r s t ,  fox-  

lowed by a n  i n t e r p r e t a t i o n  of t h e  o r i g i n  of t h e  u n i t .  The units 

a r e  grouped i n  systems on t h e  1:100,000- and 1:25,000-scale  maps, 

a s  shown by (1) t h e  b r a c k e t s  a l o n g  t h e  r igh t -hand  margin of each 

e x p l a n a t i o n ,  and (2 )  t h e  names of t h e  systems i n  l a r g e  c a p i t a l  

l e t t e r s .  The c a p i t a l  l e t t e r  i n  t h e  symbol used f o r  each u n i c  

s t a n d s  f o r  t h e  sys tem t o  which t h a t  u n i t  i s  a s s i g n e d ;  t h e  sinall  

l e t t e r s  a r e  d e s c r i p t i v e  a b b r e v i a t i o n s  t h a t  i n d i c a t e  t h e  type cf 

m a t e r i a l  ( t h u s  Ec,  E r a t o s t h e n i a n  c r a t e r  m a t e r i a l ;  I m ,  Lrnbri.23 

mare m a t e r i a l ) .  A l l  t h r e e  systems a r e  r e p r e s e n t e d  i n  some 



ApolPo l and ing  s i t e s ,  o n l y  t h e  E r a t o s t h e n i a n  and Copernican i n  

others, Pre-Imbrian o r  p o s s i b l e  pre-Imbrian m a t e r i a l s  occur  i n  

a few s i t e s .  

Ya te r iaEs  of most small f e a t u r e s  on t h e  l u n a r  s u r f a c e  ( l a r g e -  

l y  c r a t e r s  l e s s  t h a n  100 m i n  d iamete r )  belong t o  t h e  Copernican 

System, Nurnbers have t h e r e f o r e  been added t o  t h e  symbols used 

f ~ r  most Copernican u n i t s  i n  o r d e r  t o  p rov ide  a f i n e r  breakdown 

by r e l a t i v e  age. The h i g h e s t  numbers a r e  f o r  t h e  youngest  u n i t s  

(thus, Cc is  m a t e r i a l  of a  r e l a t i v e l y  young Copernican c r a t e r ,  
6 - 

@cl of a r e l a t i v e l y  o l d  Copernican c r a t e r ) .  

Assignment of C r a t e r  M a t e r i a l s  

Assignsnent of c r a t e r  m a t e r i a l s  t o  t h e  t i m e - s t r a t i g r a p h i c  

a n i t s  (systc?ms) i s  c r i t i c a l  b o t h  because c r a t e r s  a r e  t h e  most 

x idespread and r e a d i l y  mapped f e a t u r e s  s e e n  on O r b i t e r  photographs 

and because t h e  r e l a t i v e  ages  of s u r f a c e s  of r e g i o n a l  e x t e n t  can  

b e  estimated p a r t l y  on t h e  b a s i s  of t h e  o l d e s t  c r a t e r s  developed 

on them, A continuum of c r a t e r  types  from s h a r p  and f resh-appear -  

ing  t o  highly subdued is  p r e s e n t  on most l e v e l  and g e n t l y  r o l l i n g  

s u r f a c e s  on t h e  Moon. The r e l a t i v e  ages  of c r a t e r s  a r e  e s t i m a t e d  

on the b a s k  of t h e  fo l lowing  assumptions:  (1)  When f i r s t  formed 

mast c r a t e r s  appear  f r e s h ,  (2)  c r a t e r  forms a r e  p r o g r e s s i v e l y  de- 

g raded ,  o r  subdued, w i t h  t ime,  and s m a l l e r  c r a t e r s  a r e  more rap id -  

l y  subdued than  l a r g e r  ones ,  and ( 3 )  t h e  r a t e  of c r a t e r  degrada- 

t i o n  i s  approximately  t h e  same a t  a l l  p o i n t s  i n  similar types  of 

t e r r a i n  on t h e  Moon. These assumptions were used t o  t e n t a t i v e l y  

a s s i g n  ages t o  c r a t e r s  on a  v a r i e t y  of s u r f a c e s  whose r e l a t i v e  

age c o u l d  be determined on independent grounds. The o l d e s t  c r a -  

ters on r e l a t i v e l y  o l d  s u r f a c e s  turned o u t  t o  be o l d e r  than  t h e  

oldest c r a t e r s  on r e l a t i v e l y  young s u r f a c e s ,  a  r e s u l t  which 

s r r e n g t h e n s  t h e  v a l i d i t y  of t h e  assumptions.  Th is  outcome a l s o  

implies that t h e  f u n c t i o n  r e l a t i n g  t h e  number of c r a t e r s  produced 

t3 crater diamete r  is  n e a r l y  t h e  same f o r  a l l  s u r f a c e s  a t  any 

given tfne, a s i t u a t i o n  most l i k e l y  t o  o b t a i n  i f  most c r a t e r s  now 



v i s i b l e  on t h e  l u n a r  s u r f a c e  a r e  of pr imary impact o r i g i n .  These 

assumptions were used t o  c o n s t r u c t  f i g u r e  2 ,  which provided ehe 

b a s i s  f o r  mapping most c r a t e r s  on t h e  1: 100,000- and b:25,003- 

s c a l e  maps. The o v e r a l l  s l o p e  of t h e  l i n e s  on t h e  graph w a s  

f i x e d  by t h e  types  of c r a t e r s  o c c u r r i n g  on geo log ic  u n i t s  o f  w e l l -  

e s t a b l i s h e d  age;  f o r  example, c r a t e r s  i n  t h e  form of g e n t l e  de-  

p r e s s i o n s  a r e  a s  much as 1 km a c r o s s  on t h e  Imbrium b a s i n  e l e c t a  

b l a n k e t ,  which marks t h e  b a s e  of t h e  Imbrian system, The graph 

was a l s o  made t o  f i t  t h e  1:1 ,000,000-scale  reconna i ssance  maps 

on which rayed c r a t e r s  a s  smal l  a s  3 t o  5  km a r e  ass igned  t o  the 

Copernican System and unrayed c r a t e r s  of t h e  same s i z e  a r e  ass igned  

t o  t h e  E r a t o s  thenian.  The s i x  s u b d i v i s i o n s  w i t h i n  t h e  Copernican 

System were chosen s o l e l y  f o r  convenience.  Only t h e  largest:  cra- 

t e r s  i n  each  1: 100,000 and 1:25,000 map a r e a  a r e  o u t l i n e d  by geo- 

l o g i c  c o n t a c t s ;  i n t e r m e d i a t e - s i z e  c r a t e r s  a r e  marked w i t h  numbers 

o r  l e t t e r s  on ly ;  t h e  s m a l l e s t  c r a t e r s  a r e  unmapped. 

Although t h e  sys tem o u t l i n e d  by f i g u r e  2  g i v e s  a  g e n e r a l  

i d e a  of t h e  r e l a t i v e  ages  o f  c r a t e r s ,  it cannot  be used t o  a s s i g c  

p r e c i s e  c r a t e r  ages .  There fore ,  c a t e g o r i e s  Cc through Cc are  
1 6 

in fo rmal  d e s i g n a t i o n s  and a r e  n o t  proposed a s  formal  subdiv;s ioas  

o r  s e r i e s  w i t h i n  t h e  Copernican System. One d i f f i c u l t y  i s  that 

a l l  newly formed c r a t e r s  i n  t h e  same s i z e  c l a s s  p robab ly  do n o t  

have t h e  same morphologies and d e p t h l d i a m e t e r  r a t i o s .  C r a t e r s  of  

i n t e r n a l  o r i g i n  and secondary impact c r a t e r s  may w e l l  be i n i t i a l -  

l y  sha l lower  r e l a t i v e  t o  t h e i r  d iamete r  than  pr imary impact cra- 

t e r s  of t h e  same d i a m e t e r ,  and t h e i r  r i m  c r e s t s  may be i n i t i a l l y  

more subdued than  those  of pr imary impact c r a t e r s ,  Attempts have 

been made on t h e  g e o l o g i c  maps t o  show those  c r a t e r s  i n t e r p r e t e d  

most c o n f i d e n t l y  a s  secondary impact c r a t e r s  and c r a t e r s  of inter- 

n a l  o r ig in - - such  a s  c l e a r l y  a l i n e d  groups of c r a t e r s  of t h e  same 

a p p a r e n t  a g e - - s e p a r a t e l y  from t h e  r e s t  of t h e  c r a t e r  popula4:icn, 

I n  e s t i m a t i n g  t h e  ages  of  t h e s e  s p e c i a l  t y p e s ,  account  i s  taken 

of t h e  p o s s i b i l i t y  t h a t  t h e i r  i n i t i a l  forms may have d i f f e r e d  sig- 

n i f i c a n t l y  from those  of young pr imary impact c r a t e r s ,  Mos: 



K I-' 
P, 
n' 

9, u 
K K 
fa c% 
0 rD 
m L' 

2 0 
I-' Y 
0, P, 
i-t rr 
0 rD 
a 

RELATIVE AGE 
Eratos- 

lmbr~an rhen~an Copernican 



s i n g l e  round c r a t e r s  a r e  p laced  i n  t h e  main sequence of c r a t e r  

c l a s s e s  shown i n  t h e  r igh t -hand  column of each e x p l a n a t i o n ;  how- 

e v e r ,  some of t h e s e  c r a t e r s  may a l s o  have formed by secondary i m -  

p a c t  o r  by i n t e r n a l  p r o c e s s e s  and thus  may have been ass igned  to 

t h e  wrong age  c a t e g o r y  because  t h e i r  o r i g i n a l  c o n f i g u r a t i o n s  dif- 

f e r e d  from those  of f r e s h  pr imary impact c r a t e r s .  

Another d i f f i c u l t y  i n h e r e n t  i n  t h e  c r a t e r - a g e  assignment sys-  

tem is  t h a t  p h y s i c a l  p r o p e r t i e s  of t h e  l u n a r  m a t e r i a l s  may a l s o  

i n f l u e n c e  t h e  i n i t i a l  morphology of a  c r a t e r .  I n  some u n i t s ,  a 

c l e a r  d e f i c i e n c y  of c r a t e r s  w i t h  s h a r p ,  b locky r i m s  s u g g e s t s  t h a t  

t h e  m a t e r i a l s  o f  t h e s e  u n i t s  may be l e s s  cohes ive  t h a n  o t h e r  l u n a r  

m a t e r i a l s .  C r a t e r s  i n  t h e s e  l e s s  cohes ive  m a t e r i a l s  w i l l  appear  

t o  be subdued even when f i r s t  formed. 

Topography a l s o  e x e r t s  a n  i n f l u e n c e  on t h e  r a t e  o f  crater 

aging.  On s l o p i n g  s u r f a c e s ,  such a s  mare r i d g e s ,  downslope move- 

ment of m a t e r i a l  appears  t o  d e s t r o y  c r a t e r s  f a s t e r  t h a n  they  would 

be  des t royed  on l e v e l  o r  g e n t l y  r o l l i n g  t e r r a i n .  Craters on r i d g e s ,  

t h e r e f o r e ,  a r e  probably  younger t h a n  t h e  maps i n d i c a t e .  L o c a l l y ,  

t h e  r a t e  of c r a t e r  d e g r a d a t i o n  may be  t e m p o r a r i l y  augmented owing 

t o  t h e  p resence  of a  b l a n k e t  of v o l c a n i c  m a t e r i a l .  Thus, a  c r a -  

t e r  degraded s lowly  by cont inuous  bombardment of s m a l l  m e t e o r i t i c  

p a r t i c l e s  w i l l  be i n d i s t i n g u i s h a b l e  from one degraded rapid]-y by  

a  v o l c a n i c  b lanke t .  

D e s p i t e  t h e s e  u n c e r t a i n t i e s ,  c r a t e r s  ass igned  t o  t h e  Embrian, 

E r a t o s t h e n i a n ,  and o l d e s t  Copernican (Cc ) a r e  a lmos t  c e r t a i n l y  
1 

r e l a t i v e l y  o l d  members of t h e  t o t a l  p o p u l a t i o n  because t h e y  a r e  

d o t t e d  w i t h  many s m a l l  c r a t e r s  (3-20 m i n  d iamete r ) .  S i m i l a r l y ,  

c r a t e r s  ass igned  t o  t h e  middle and upper  Copernican (Cc -Cc .) 
2 b  

must r e p r e s e n t  a  sequence of d e c r e a s i n g  age  s i n c e  they  have pro- 

g r e s s i v e l y  fewer such s m a l l  superposed c r a t e r s .  I n  any Local 

a r e a  on t h e  same g e o l o g i c  u n i t ,  t h e  c r a t e r  d e s i g n a t i o n s  are prob- 

a b l y  a  reasonab ly  a c c u r a t e  i n d i c a t i o n  of r e l a t i v e  age ,  b u t  cor- 

r e l a t i o n s  between a r e a s  a r e  l e s s  c e r t a i n .  



Assignment of Mare Mate r i a l s  

Mare u n i t s  a r e  d i s t i ngu i shed  on the  Apollo s i t e  maps mainly 

on the basis of d i f f e r i n g  c r a t e r  popula t ions ,  which i n  t u rn  ap- 

pear t o  be re la ted  t o  age,  mechanical p r o p e r t i e s  of the  ma te r i a l s ,  

or  mode of  emplacement. Whether the  u n i t s  a l s o  have d i f f e r i n g  

chemical or mineralogical  p r o p e r t i e s  cannot be determined a t  pres-  

e n t ,  A l imi ted  amount of information on the chemical p r o p e r t i e s  

of  the maria has been provided by the Surveyor a lpha  p a r t i c l e  

s c a t t e r i n g  experiments (Turkevich and o the r s ,  19 68, 19 69). Anal- 

yses of t y p i c a l  mare ma te r i a l  a t  one p o i n t  i n  Sinus Medii and a t  

aco ther  i n  Mare T r a n q u i l l i t a t i s  ind ica ted  a chemistry s i m i l a r  t o  

t h a t  of  i ron - r i ch  b a s a l t  wi th  an  except iona l ly  high content  of 

t i tanium a t  the l a t t e r  s i t e .  The mare ma te r i a l s  apparent ly  vary 

b o t h  i n  age and composition from p lace  t o  p l ace ,  a l though the  con- 
, 

t a c t s  between c o n t r a s t i n g  ma te r i a l s  have been rendered i n d i s t i n c t  
I 

by t he  development of t he  lunar  r ego l i t h .  

The o l d e s t  c r a t e r s  t h a t  have formed on the  mare m a t e r i a l  i n  

sites L and 5 (Oceanus Procellarum) a r e  Era tos thenian ;  and i n  

s i t e  5 ,  c r a t e r s  assigned t o  the  Era tos thenian  a r e  p a r t l y  covered 

by the mare mater ia l .  These mare ma te r i a l s  a r e  t he re fo re  assigned 

t o  t h e  Era tos thenian  System. Fresh-appearing domes and mare r idges ,  

suggestive of r e l a t i v e  youth, a r e  a l s o  present  i n  s i t e s  4 and 5. 

The oldest c r a t e r s  i n  s i t e  3 (Sinus Medii) a r e  l ikewise  Eratos-  

thenlan, but gen t l e  depressions and subdued c r a t e r s  a t t a i n  l a r g e r  

sizes than i n  s i t e s  4 and 5 and the re fo re  a r e  o lde r  according t o  

the age r e l a t i o n s h i p s  i l l u s t r a t e d  i n  f i g u r e  2. Thus, t he  mare 

ma te r i a l  i n  s i t e  3 i s  es t imated t o  be l a t e s t  Imbrian i n  age. 

Large Imbrian c r a t e r s  a r e  present  on the mare ma te r i a l  of s i t e  2 

(Mare T r a n q u i l l i t a t i s ) ,  which i s  accordingly mapped a s  Imbrian, 

older than t h a t  i n  s i t e  3. These sur faces  of increas ing  age can 

be thought of a s  success ive ly  lower ho r i zon ta l  l i n e s  on f i g u r e  2 ,  

t + ~ i t h  gent le  depressions a t t a i n i n g  g r e a t e r  s i z e s  on the  o lde r  sur -  

faces. Note t h a t  the ages assigned t o  the  mare ma te r i a l s  apply 

on ly  i x  and around the landing s i t e s  and not  t o  e n t i r e  maria. 



The E r a t o s t h e n i a n  mare m a t e r i a l s  i n  Oceanus Proce l l a rum appear  t o  

be conf ined  t o  s m a l l  p a t c h e s ,  which were chosen a s  p o t e n t i a l  Land- 

i n g  s i t e s  because  t h e y  appeared d a r k  and smooth on t e l e s c o p i c  

photographs.  

Sou thern  Mare T r a n q u i l l i t a t i s  has  i n  g e n e r a l  fewer c r a t e r s  

50 t o  125 m i n  d iamete r  than  t h e  younger mare m a t e r i a l  i n  p a r t s  s f  

S inus  Medi i  and Oceanus Procel larum.  Th is  seeming paradox s u g g e s t s  

t h a t  t h e  r a t e s  of c r a t e r  p r o d u c t i o n  and ( o r )  d e g r a d a t i o n  have n o t  

been e x a c t l y  t h e  same on a l l  s u r f a c e s .  The excess  c r a t e r s  on t h e  

younger mare s u r f a c e s  may have formed e n d o g e n e t i c a l l y  o r  by sec-  

ondary impact;  a l t e r n a t i v e l y ,  c r a t e r s  may be miss ing  i n  s o u t h e r n  

Mare T r a n q u i l l i t a t i s  because  of b u r i a l  by a l a y e r  of younger mate- 

r i a l  o r  because o f  e s p e c i a l l y  r a p i d  d e g r a d a t i o n ;  o r  a combination 

of a l l  t h e s e  p r o c e s s e s  may have produced t h e  c r a t e r  populati-ons 

p r e s e n t l y  observed.  

Assignment o f  T e r r a  M a t e r i a l s  

S i t e  1 i s  t h e  o n l y  one w i t h  e x t e n s i v e  t e r r a  m a t e r i a l s .  Much 

of t h i s  m a t e r i a l  has  a s l i g h t l y  h i g h e r  a lbedo  t h a n  a d j a c e n t  typi- 

c a l  mare m a t e r i a l ,  though n o t  a s  h igh  a s  t y p i c a l  t e r r a  m a t e r i a l ,  

The t e r r a i n  occupied by t h e  t e r r a  m a t e r i a l  i s  g e n t l y  u n d u l a t i n g ,  

l i k e  some t e r r a  e l sewhere ,  b u t  has g r e a t e r  r e l a t i v e  r e l i e f  than 

t y p i c a l  mare m a t e r i a l .  The c r a t e r  p o p u l a t i o n  i n c l u d e s  s e v e r a l  

l a r g e  subdued c r a t e r s  of a p p a r e n t  Imbrian and E r a t o s t h e n i a n  age,  

which a r e  i n t e r p r e t e d  as b u r i e d ,  and t h e r e  is  a v e r y  marked de- 

f i c i e n c y  of c r a t e r s  of i n t e r m e d i a t e  s i z e s  (50-200 m i n  d iamete r )  

and ages  (Ec-Cc ). The a r e a l  d i s t r i b u t i o n  of t h i s  m a t e r i a l  and 
1 

i t s  r e l a t i o n  t o  t h e  mare m a t e r i a l  ( d i s c u s s e d  on p. 19-20) sugges t  

t h a t  i t s  age  i s  Copernican. 

SCIENTIFIC SIGNIFICANCE OF FEATURES COMMON TO ALL SITES 

F e a t u r e s  common t o  a l l  s i t e s - - t h e  r e g o l i t h ,  c r a t e r s  and cer-  

t a i n  o t h e r  landforms--are d i s c u s s e d  b r i e f l y  i n  t h i s  s e c t i o n ,  More 

d e t a i l e d  d e s c r i p t i o n s  a r e  g iven  i n  t h e  D e f i n i t i v e  Experiment Plan 

of t h e  Apol lo  Lunar Geology I n v e s t i g a t o r s ,  A p r i l  1968. 



R e g o l i t h  

The r e g o l i t h  appears  t o  be p r e s e n t  everywhere on t h e  Moon 

and presumably w i l l  be s t u d i e d  and sampled on a l l  miss ions ,  in -  

c l u d i n g  those  w i t h  v e r y  l i m i t e d  time f o r  E x t r a  V e h i c u l a r  A c t i v i t y  

(EVA)-  The s i g n i f i c a n c e  of e a r l y  samples of t h e  r e g o l i t h ,  t h e  

f i r s t  m a t e r i a l s  known d e f i n i t e l y  t o  have come from t h e  Moon, is  

obvious ,  Nost i n v e s t i g a t o r s  b e l i e v e  t h a t  t h e  r e g o l i t h  a t  any 

l a c a l i t y  is  composed p a r t l y  of f ragments  of t h e  u n d e r l y i n g  bed- 

rock and p a r t l y  of m a t e r i a l  t r a n s p o r t e d  b a l l i s t i c a l l y  from g r e a t -  

er   distance,^ on t h e  Moon (Shoemaker and o t h e r s ,  1967a, p. 21). 

Under lying bedrock u n i t s ,  n o t  t h e  r e g o l i t h  i t s e l f ,  a r e  shown on 

t h e  1 : 100,0130- and l :25,000-scale  maps. On t h e  1:5 ,000-scale  

maps t h e  r e g o l i t h  is  d i v i d e d  i n t o  u n i t s ,  accord ing  t o  t h e  bedrock 

units which u n d e r l i e  it. The symbols f o r  t h e  r e g o l i t h  on each 

1 :5 ,000-sca le  map a r e  a b b r e v i a t i o n s  of t h e  symbols used f o r  t h e  

bedrock u n i t s  on t h e  1:25,000-scale map of t h e  same a rea .  The 

regolith probably  develops  i n  such a way t h a t  t h e  c o n t a c t s  be- 

tween s u b u n i t s  of t h e  r e g o l i t h  w i l l  be  broad zones r a t h e r  t h a n  

sharp lines; and s i n c e  t h e  bedrock u n i t s  a r e  d i s t i n g u i s h e d  mainly  

by d i f f e r i n g  c r a t e r  p o p u l a t i o n s ,  which may n o t  correspond t o  d i f -  

f e r e n c e s  in composi t ion,  t h e r e  may be no d i f f e r e n c e s  a t  a l l  i n  

materials tin e i t h e r  s i d e  of t h e s e  c o n t a c t s .  The s i g n i f i c a n c e  of 

the various bedrock u n i t s  i n  t h e  d i f f e r e n t  s i t e s  i s  d i s c u s s e d  i n  

a l a t e r  s e c t i o n  d e s c r i b i n g  t h e  geology of  t h e  f i v e  s i t e s .  During 

a single e a r l y  miss ion ,  sampling w i l l  probably  be l i m i t e d  t o  t h e  

regolith above o n l y  one bedrock u n i t .  

C r a t e r s  

The n e x t  most u b i q u i t o u s  m a t e r i a l s  on t h e  s u r f a c e  a r e  t h o s e  

associated w i t h  s p e c i f i c  c r a t e r s .  The c r a t e r s  occur  i n  a l l  s i z e s  

dawn t o  t h o s e  a c e n t i m e t e r  o r  so  a c r o s s ,  a s  photographed by Sur-  

veyor, A l l  mappers and most o t h e r  workers a g r e e  t h a t  t h e  g r e a t e s t  

scientific i n t e r e s t  a t t a c h e s  t o  those  c r a t e r s  l a r g e  enough t o  

have p e n e t r a t e d  bedrock benea th  t h e  r e g o l i t h  and young enough s o  



t h a t  t h e  r e s u l t i n g  e j e c t a  d e p o s i t s  can be c l e a r l y  d i f f e r e n t i a t e d  

(Apol lo  Lunar Geology Experiment,  D e f i n i t i v e  Experiment P l a n ,  p, 

7.8) .  Around c r a t e r s  t o o  small t o  have p e n e t r a t e d  t h e  r e g o l i t h  

and around r e l a t i v e l y  o l d  c r a t e r s ,  Surveyor and O r b i t e r  photographs 

s u g g e s t  t h a t  t h e r e  may w e l l  be l i t t l e  d i s t i n c t i o n  between t h e  cra-  

t e r  d e p o s i t s  and t h e  a d j a c e n t  r e g o l i t h .  Samples t h a t  d i s p l a y  

shock phases  o r  v o l c a n i c  t e x t u r e s  w i l l  be o f  v a l u e  f o r  d e c i p h e r i n g  

c r a t e r  o r i g i n s  o n l y  i f  t h e i r  p a r e n t  c r a t e r s  can be d e f i n i t e l y  

i d e n t i f i e d .  Also ,  of a l l  t h e  f ragmenta l  m a t e r i a l  on t h e  s u r f a c e ,  

b locks  e j e c t e d  from young c r a t e r s  have most c l e a r l y  been d e r i v e d  

from t h e  under ly ing  bedrock u n i t .  These bedrock samples shonld 

be l e s s  contaminated by d e b r i s  d e r i v e d  from more d i s t a n t  pa , r t s  of 

t h e  Moon than  samples from i n t e r c r a t e r  a r e a s  which have been re- 

cyc led  through t h e  r e g o l i t h  one o r  more t imes,  I f  exposure  ages 

of c r a t e r  m a t e r i a l s  a r e  de te rminab le ,  samples from c r a t e r s  of 

v a r i o u s  ages  might be used t o  assess t h e  h i s t o r y  of r a d i a t i o n  on 

t h e  l u n a r  s u r f a c e  and would be h e l p f u l  f o r  a s s i g n i n g  a b s o l u t e  ages 

t o  t h e  l u n a r  g e o l o g i c  t ime s c a l e .  
3 

C r a t e r  m a t e r i a l s  have been mapped accord ing  t o  i n t e r p r e t e d  

r e l a t i v e  age  on t h e  1: 100,000- and 1:25,000-scale  maps. F o r  car to-  

g r a p h i c  convenience,  t h e  mapping has  included c r a t e r s  o f  s m a l l e r  

d iamete r s  f o r  t h e  younger c r a t e r s  t h a n  f o r  t h e  o l d e r  c r a t e r s  an 

both t h e  1:100,000- and 1:25,000-scale  maps. The younger c r a t e r s ,  

however, a r e  wide ly  spaced on t h e  1:25,000-scale  maps; t h u s ,  c r a -  

t e r s  v i s i t e d  on t h e  e a r l y  Apollo miss ions  w i l l  probably  fall in 

t h e  unmapped category.  A l l  r e l a t i v e l y  young c r a t e r s  l a r g e r  t h a n  

s e v e r a l  mete r s  i n  d iamete r  have t h e r e f o r e  been shown on t h e  15,- 

000-sca le  maps, though by d i f f e r e n t  convent ions .  C r a t e r s  surround- 

ed by r e s o l v a b l e  b locks  ( e i g h t  o r  more),  c r a t e r s  surrounded by 

J 
M. J. G r o l i e r  has  f u r t h e r  suggested t h a t  t h e  e j e c t a  around 

a  f r e s h  c r a t e r  may have s e v e r a l  components and t h a t  t h e  components 
may d i s i n t e g r a t e  a t  d i f f e r e n t  r a t e s .  A f t e r  o b s e r v a t i o n s  had been 
made on a  number of c r a t e r s ,  i t  might be p o s s i b l e  t o  e s t i m a t e  cra- 
t e r  ages  q u i c k l y  from t h e  r e l a t i v e  abundance of d i f f e r e n t  conpon- 
e n t s  i n  t h e  e j e c t a  su r rounding  them. 



bright halos, and c r a t e r s  w i t h  v e r y  s h a r p  r i m s  a r e  a l l  shown by 

special symbols. Although a l l  of t h e s e  c r a t e r s  a r e  r e l a t i v e l y  

y ~ ~ n g ,  some of t h e  l a r g e r  ones may be o l d e r  t h a n  some v e r y  s m a l l  

unmapped c r a t e r s  ( f i g .  2).  

It i s  d i f f i c u l t  t o  e s t i m a t e  t h e  r e l a t i v e  ages  of t h e  v e r y  

small c r a t e r s  on O r b i t e r  photographs from t h e  p resence  o r  absence 

o f  blocks f o r  a t  l e a s t  t h r e e  reasons:  (1) Blocks may be p r e s e n t  

but s m a l l e r  than  t h e  l i m i t  of  photographic  r e s o l u t i o n .  (2)  They 

may be absent because  t h e  c r a t e r  d i d  n o t  p e n e t r a t e  bedrock. (3) 

They may be a b s e n t  because  any b locks  which t h e  c r a t e r  may have 

originally had on i t s  r i m  have been subsequen t ly  p u l v e r i z e d  and 

destroyed, Also ,  v a r i a t i o n s  i n  photographic  q u a l i t y  a r e  most 

serious when examining t h e  s m a l l e s t  f e a t u r e s .  I f  it i s  dec ided  

on a given n ~ i s s i o n  t o  sample e j e c t a  from c r a t e r s  w i t h  a  spectrum 

of ages, then  samples from a  smal l  b r i g h t - h a l o  c r a t e r ,  a n  i n t e r -  

mediate-size sharp-rimmed c r a t e r ,  and a  l a r g e  blocky-rim c r a t e r  

would probably  y i e l d  t h e  range of m a t e r i a l s  d e s i r e d .  However, 

visual es"c-nnates of r e l a t i v e  age made by t h e  a s t r o n a u t s  on t h e  

ground might w e l l  be a n  e s s e n t i a l  s t e p  i n  o b t a i n i n g  such a  s u i t e  

3f samples, 

Besides i n d i v i d u a l  c i r c u l a r  c r a t e r s ,  a l l  s i t e s  c o n t a i n  a  

v a r i e t y  of s p e c i a l  types  of c r a t e r s .  Those i n t e r p r e t e d  as second- 

ary impact c r a t e r s  a r e  probably  of t h e  g r e a t e s t  s i g n i f i c a n c e .  In- 

cluded in t h i s  c a t e g o r y  a r e  most c r a t e r s  mapped a s  " c r a t e r  c l u s -  

ters" at all s c a l e s .  Some of t h e s e  c l u s t e r s  appear  t o  be q u i t e  

clearly r e l a t e d  t o  a  pr imary impact c r a t e r  because they  a r e  con- 

c e n t r a t e d  a long  l i n e s  roughly r a d i a l  t o  t h e  l a r g e r  c r a t e r  and 

some of  then1 l i e  a long  r a y s  ( v i s i b l e  on t e l e s c o p i c  full-Moon 

photographs) t h a t  emanate from a  primary. Rock excava ted  from 

considerable dep th  by t h e  pr imary impact may be p r e s e n t  i n  and 

around t h e s e  c l u s t e r s .  C l u s t e r s  i n t e r p r e t e d  a s  formed by e j e c t a  

fragments from t h e  l o c a t i o n  of Tycho a r e  p r e s e n t  i n  s i t e s  1, 3 ,  

and La Rays and s e c o n d a r i e s  from Theophi lus  a r e  p r e s e n t  n e a r  

s i t e s  1 and 2 ;  secondar ies  from Cogernicus n e a r  s i t e  3 and 



s e c o n d a r i e s  from Kepler  i n  and n e a r  s i t e  5. Chances t h a t  a land- 

i n g  w i l l  be n e a r  any o f  t h e s e  p a r t i c u l a r  c l u s t e r s  a r e  remote,  

however. Also i n t e r p r e t e d  a s  secondary impact c r a t e r s  a r e  i s o -  

l a t e d  e l o n g a t e  c r a t e r s  shown mainly on t h e  1:5 ,000-scale  maps; 

i n  some s i t e s  t h e s e  c r a t e r s  appear  t o  have a c o n s i s t e n t  t r end  t o  

t h e  d i r e c t i o n  of e longa t ion .  I n  some, one end i s  deeper  a n d  

wider  than  t h e  o t h e r - - t h e  expected morphology of secondary impact 

c r a t e r s .  Some of t h e s e  e l o n g a t e  c r a t e r s  a r e  p a r a l l e l  t o  pervas-  

i v e  l ineament  d i r e c t i o n s  and could be of i n t e r n a l  o r i g i n ,  hiowever, 

Other  c r a t e r s  i n t e r p r e t e d  on t h e  maps a s  be ing  of i n t e r n a l  

o r i g i n  i n c l u d e  i r r e g u l a r l y  shaped c r a t e r s ,  those  whose shape ap-  

p e a r s  t o  be s t r o n g l y  c o n t r o l l e d  by l ineaments ,  c h a i n  c r a t e r s ,  

c r a t e r s  a t  t h e  summits of low domes, and dimple c r a t e r s .  Most of 

t h e s e  c r a t e r s  appear  t o  have been moderate ly  t o  s t r o n g l y  subdued 

by t h e  s u p e r p o s i t i o n  of younger s m a l l e r  c r a t e r s .  The b e s t  ex- 

amples of dimple c r a t e r s  p l a i n l y  do n o t  belong t o  t h e  main se-  

quence t h a t  i n c l u d e s  most c r a t e r s  i n  t h e  s i t e s ;  b u t  t h e r e  a r e  a l l  

g r a d a t i o n s  from wel l -de f ined  dimple c r a t e r s  w i t h  s t r o n g l y  conwex- 

upward w a l l s  t o  sha l low c r a t e r s  whose w a l l s  a r e  o n l y  s l i g h t l y  

convex upward and which may be s imply a v a r i a n t  of t h e  main se-  

quence forms. Recogni t ion of a  dimple c r a t e r  r e q u i r e s  t h a t  t h e  

a n g l e  of Sun i l l u m i n a t i o n  be s u f f i c i e n t l y  h i g h  s o  t h a t  t h e  i n t e r -  

i o r  of t h e  c r a t e r  can  be observed.  More dimple c r a t e r s  have been 

mapped i n  s i t e s  2 and 3 t h a n  i n  t h e  o t h e r  s i t e s ;  b u t  t h e  a n g l e  

of Sun i l l u m i n a t i o n  of t h e  O r b i t e r  photographs of t h e s e  s i t e s  

was 8" t o  10" h i g h e r  t h a n  i n  t h e  o t h e r s ,  s o  i t  is  d o u b t f u l  i f  

t h e r e  a r e  r e a l  d i f f e r e n c e s  i n  t h e  number of such c r a t e r s .  The 

p o s s i b i l i t y  t h a t  they  may p r e s e n t  hazards  t o  m o b i l i t y  g i v e s  t h e  

dimple c r a t e r s  some importance. The u s u a l  i n t e r p r e t a t i o n  of 

t h e s e  c r a t e r s  is  t h a t  they  a r e  formed by d r a i n a g e  of t h e  loose 

m a t e r i a l  of t h e  r e g o l i t h  i n t o  a  s u b s u r f a c e  opening o r  f r a c t u r e ,  

Some of t h e  dimple c r a t e r s  i n  s i t e  2 a r e  too  l a r g e  t o  have formed 

by t h i s  mechanism and may be c e n t e r s  of v o l c a n i c  e r u p t i o n  which 

l a t e r  co l l apsed .  



Other  Landforms 

Midges, s c a r p s  and l ineaments  a r e  t h e  most common a d d i t i o n a l  

landforms which occur  i n  and around a l l  t h e  l and ing  s i t e s .  Most 

are very bow and subdued; they  a r e  d i f f i c u l t  t o  map because  o f  t h e  

d i s c o r a t i n u i t i e s  i n  t h e  O r b i t e r  photographs a t  t h e  f r a m e l e t  bound- 

aries and because of s p u r i o u s  r e l i e f  a l o n g  t h e  f r a m e l e t s  i n t r o -  

duced by the TV t r a n s m i s s i o n  sys  tem. Because t h e  manned land ings  

will be  made under Sun a n g l e  i l l u m i n a t i o n s  c o n s i d e r a b l y  l e s s  t h a n  

those  under which t h e  O r b i t e r  photographs were t aken ,  a d d i t i o n a l  

landforms and s t r u c t u r a l  f e a t u r e s ,  h i t h e r t o  unrecognized,  may be 

apparent t o  o b s e r v e r s  on t h e  l u n a r  su r face .  Sinuous s c a r p s  a r e  of 

special i n t e r e s t  s i n c e  they  may have some of t h e  c h a r a c t e r i s t i c s  

of t e r r e s t r i a l  l a v a  f low f r o n t s  and might g i v e  c l e a r  ev idence  of 

lunar  volcanism. S e v e r a l  good examples a r e  q u i t e  prominent on 

Orbiter V photographs of s i t e  4 ,  though u n f o r t u n a t e l y  n o t  n e a r  t h e  

center  of t h e  e l l i p s e .  A  few poore r  examples of such f e a t u r e s  

have been mapped i n  most of t h e  o t h e r  s i t e s .  

SCIENTIFIC S  IGNIFICANCE OF INDIVIDUAL SITES 

This s e c t i o n  summarizes t h e  geology of t h e  f i v e  e a r l y  Apol lo  

Landing s i t e s  of s e t  C. Emphasis is  on t h e  u n i t s  i n t e r p r e t e d  t o  

l i e  beneath t h e  r e g o l i t h  and on how t h e s e  u n i t s  f i t  i n t o  t h e  l u n a r  

geologic tinhe s c a l e .  The a r e a s  d i s c u s s e d  a r e  t h o s e  covered by 

the 1"*:5,OOCl-scale maps and n o t  t h e  e n t i r e  O r b i t e r  s i t e .  The 

1 ~ 2 5 , 0 0 0 - s c a l e  maps of s i t e s  3 and 4 c o n t a i n ,  i n  a d d i t i o n  t o  t h e  

original e l l i p t i c a l  l and ing  a r e a s ,  s m a l l e r  r e l o c a t e d  s i t e s  ( 3 R  and 

43) that inc lude  s p e c i a l  f e a t u r e s  of s c i e n t i f i c  i n t e r e s t .  The 

:lames applied t o  t h e  s i t e s  have changed r e p e a t e d l y  and a r e  sum- 

xarized i n  f i g u r e  1. I n  t h e  d i s c u s s i o n  below, each s i t e  i s  i d e n t i -  

fied first by i t s  c u r r e n t  name ( f o r  example, s i t e  1) ; names used 

p r e v i o u s l y  a r e  shown i n  pa ren theses .  The o l d e r  names appeared on 

t h e  geologic maps of t h e  s i t e s ,  which a r e  c u r r e n t l y  a v a i l a b l e  a s  

men-EiEe r e p o r t s .  The new names w i l l  appear  on pub l i shed  v e r s i o n s  

o f  t he  same maps. 



S i t e  1 ( I 1  P-2, E a s t  Two) 

Of t h e  f i v e  s i t e s ,  s i t e  1 i n  s o u t h e a s t  Mare T r a n q u i l l i t s t i s  

i s  unique i n  t h e  complexi ty  o f  t h e  geo log ic  r e l a t i o n s  w i t h i n  it, 

as shown by marked d i f f e r e n c e s  i n  bo th  a lbedo  and topography over  

s h o r t  d i s t a n c e s .  Most of t h e  s i t e  i s  covered by m a t e r i a l  i n t e r -  

p r e t e d  as a mant le  of r e l a t i v e l y  young d e p o s i t s  cover ing  a n  o l d e r  

su r face .  The c r a t e r  p o p u l a t i o n  on t h i s  t e r r a i n  i n c l u d e s  s e v e r a l  

subdued c r a t e r s  up t o  700 m,  b u t  t h e r e  is  a marked d e f i c i e n c y  of 

c r a t e r s  of i n t e r m e d i a t e  s i z e  (50-200 m i n  diameter)  and age  (Ec 

and Cc ) when compared t o  t h e  p o p u l a t i o n  on t y p i c a l  mare m a t e r i a l  1 
i n  t h e  o t h e r  s i t e s .  Such a c r a t e r  d i s t r i b u t i o n  is c o n s i s t e n t  with 

t h e  p resence  of r e l a t i v e l y  young n e a r - s u r f a c e  m a t e r i a l  t h a t  i n -  

complete ly  e r a s e s  t h e  topography of a n  o l d e r  c r a t e r e d  s u r f a c e  and 

has  had l i t t l e  t ime t o  be c r a t e r e d  i t s e l f .  The n e a r - s u r f a c e  man- 

t l i n g  m a t e r i a l  i s  mapped as Copernican t e r r a  mant l ing  m a t e r i a l  

(Ctm). The a lbedo  of t h i s  m a t e r i a l  i s  h i g h e r  than  t h a t  of t y p i c a l  

mare m a t e r i a l  and lower than  t h a t  of t y p i c a l  t e r r a  m a t e r i a l ;  t h e  

t e r r a i n  it covers  i s  g e n t l y  u n d u l a t i n g  w i t h  more r e l a t i v e  r e l i e f  

t h a n  t y p i c a l  mare m a t e r i a l  and is  probably  a n  o l d  t e r r a  s u r f a c e ,  

A s u b d i v i s i o n  of t h e  Copernican t e r r a  mant l ing  m a t e r i a l  t h a t  oc- 

c u r s  i n  t h e  n o r t h e a s t  p o r t i o n  of t h e  l a n d i n g  s i t e  is  even smjoother 

and l e s s  c r a t e r e d  t h a n  t h e  rest of t h e  u n i t  and is  d e s i g n a t e d  

smooth terra mant l ing  m a t e r i a l  (Ctms). It i s  t h e  smoothest  unit 

i n  t h e  s i t e  and one o f  t h e  smoothest  on t h e  Moon y e t  t o  have been 

photographed a t  h i g h  r e s o l u t i o n .  

E a s t  o f  t h e  Copernican t e r r a  mant l ing  m a t e r i a l ,  t h e  sitil con- 

t a i n s  l e v e l  m a t e r i a l  w i t h  low a lbedo  l i k e  t h a t  of t y p i c a l  mare 

m a t e r i a l  b u t  w i t h  a c r a t e r  p o p u l a t i o n  similar t o  t h a t  of t h e  Coper- 

n i c a n  t e r r a  mant l ing  m a t e r i a l .  Th i s  m a t e r i a l  is  mapped a s  Coperni- 

can mare m a t e r i a l  (Cm). It grades  t o  s l i g h t l y  more h e a v i l y  ~cra- 

t e r e d  m a t e r i a l  mapped as E r a t o s t h e n i a n  mare m a t e r i a l  (Em and Em ). 
1 2 

Adjo in ing  t h e  E r a t o s t h e n i a n  and Copernican mare m a t e r i a l  i s  a 

small t r a c t  of h e a v i l y  c r a t e r e d  t e r r a i n  resembling t y p i c a l  mare 

m a t e r i a l  e lsewhere  on t h e  Moon; i t  is  mapped a s  Imbrian mare 



m a t e r i a l  (Irn). Across t h e  r e l a t i v e l y  narrow t r a n s i t i o n  zone from 

Imbrian t o  Copernican mare, t h e r e  i s  a r a p i d  d e c r e a s e  i n  t h e  t o t a l  

number af c r a t e r s  and i n  t h e  number of f r e s h  blocky c r a t e r s .  The 

topography of t h e  h e a v i l y  c r a t e r e d  Imbrian mare can  be s e e n  i n  

subdued form benea th  t h e  younger mare m a t e r i a l  west  of t h e  o u t c r o p  

area of t he  Imbrian mare m a t e r i a l .  The Copernican,  E r a t o s t h e n i a n ,  

and 1nl"orian mare m a t e r i a l s  occur  o n l y  i n  t h e  e a s t e r n  one-eighth  

of the p r e s e n t  l and ing  e l l i p s e .  

g o t e r m i n a t i o n  of t h e  n a t u r e  and age  of t h e  t e r r a  mant l ing  

rnater~al  and p o s s i b l y  t h e  m a t e r i a l s  benea th  i t  is  t h e  main g o a l  

of  a missieln t o  s i t e  1. The mant l ing  m a t e r i a l  may be a cover  of 

young terra v o l c a n i c s ,  d e r i v e d  from c r a t e r s  of p robab le  v o l c a n i c  

origin nearby;  o r  i t  may be a s h e e t  of mass-wasted d e b r i s ,  d e r i v e d  

from more rugged t e r r a ,  which i s  a l s o  nearby. S t i l l  a t h i r d ,  

though less l i k e l y ,  a l t e r n a t i v e  is  t h a t  on t h e  edge of Mare Tran- 

q u i l l i t a t i s  t h i n  young mare m a t e r i a l  o v e r l i e s  t e r r a  m a t e r i a l  and 

that t h e  t w o  types  of m a t e r i a l  have become mixed by impacts.  

Further d i s c u s s i o n  of t h e s e  a l t e r n a t i v e s  does  n o t  seem warranted 

a t  p r e s e n t ,  b u t  it should be borne i n  mind t h a t  t h e  i n t e r p r e t a t i o n  

eventually placed on r e t u r n e d  samples may depend h e a v i l y  on t h e  

geologic p i c t u r e  t h a t  i s  favored.  The s i t u a t i o n  i s  a l i t t l e  l i k e  

t h a t  in a r e a s  of complex metamorphic geology where s t r a t i g r a p h y  

and structure must be worked o u t  s imul taneous ly .  The pho tograph ic  

evideraee from Lunar O r b i t e r  and t h e  evidence from t h e  samples and 

from a s t r o n a u t s \ b s e r v a t i o n s  w i l l  have t o  be  meshed t o  form a 

m u t u a l l y  c o n s i s  t e n t  s t o r y .  

S i t e  2 ( I 1  P-6,  E a s t  One) 

SiCe 2 ,  i n  southwest  Mare T r a n q u i l l i t a t i s ,  l i e s  e n t i r e l y  i n  

r e ia t~ .ve ly  o l d  ( Imbrian)  mare m a t e r i a l .  There a r e  many l a r g e ,  

subdued E r a t o s t h e n i a n  and Imbrian c r a t e r s  200 t o  700 m i n  diameter .  

Tke number of i n t e r m e d i a t e - s i z e  c r a t e r s ,  50 t o  125 m i n  d i a m e t e r ,  

i s  fewer than on mare m a t e r i a l  i n  t h e  wes te rn  and c e n t r a l  s i t e s .  

T5e mare m a t e r i a l  has  been d i v i d e d  i n t o  two main u n i t s ,  I m  and 
1 

Im - t he  younger u n i t ,  I m  has  s l i g h t l y  fewer l a r g e  Imbrian 
2 " 2 ' 



1 c r a t e r s .  A t h i r d  u n i t ,  I m  occurs  i n  v e r y  small p a t c h e s  between 
3 ' 

l a r g e  c r a t e r s ;  i t  appears  t o  be s l i g h t l y  d a r k e r  t h a n  t h e  o t h e r  

mare u n i t s  and t o  occupy s l i g h t l y  depressed  a r e a s .  I t s  l i m i t e d  

e x t e n t  makes it impossible  t o  d a t e  a c c u r a t e l y ,  and i t  could  be as 

young a s  E r a t o s t h e n i a n  o r  Copernican. 

The p a u c i t y  of c r a t e r s  50 t o  125 rn i n  d i a m e t e r ,  compared with 

s i t e s  t o  t h e  w e s t ,  g i v e s  t h i s  s i t e  a subdued appearance.  The ap- 

p a r e n t l y  f i n e  g r a i n  s i z e  of t h e  r e g o l i t h  i n  t h i s  a r e a ,  as indicat- 

ed by Surveyor V (Shoemaker and o t h e r s ,  1967b, p. 1 7 ) ,  may (:on- 

t r i b u t e  t o  t h e  subdued appearance.  C r a t e r s  formed i n  v e r y  fine 
i gra ined  m a t e r i a l  may n o t  l a s t  a s  long  as those  i n  c o a r s e r  g r a i n e d  

m a t e r i a l ,  p a r t i c l e s  of which can more r e a d i l y  i n t e r l o c k .  A l t e r -  

n a t i v e l y ,  t h e  r e l a t i v e l y  low number of i n t e r m e d i a t e - s i z e  c r a t e r s  

may be due t o  a b l a n k e t  of r e l a t i v e l y  young m a t e r i a l  (Oberbeck 

and Quaide,  1968, p. 462) l i k e  t h a t  mapped i n  s i t e  1, and a mix- 

t u r e  of samples should be looked f o r  i n  t h e  r e g o l i t h .  The peeu- 

l i a r  a s p e c t  of t h e  s i t e  may be r e l a t e d  t o  t h e  f a c t  t h a t  t h e  spec- 

t ra l  r e f l e c t i v i t y  curve  of Mare T r a n q u i l l i t a t i s  shows a s t r o n g  

enhancement i n  t h e  b l u e  p a r t  of t h e  v i s i b l e  spectrum (Kuiper ,  

1965, p. 27;  McCord, 1969). 

De te rmina t ion  o f  t h e  age and n a t u r e  of t h e  Imbrian mare 

m a t e r i a l  i s  t h e  prime o b j e c t  of a l and ing  i n  t h e  s i t e .  The p res -  

ence o r  absence of a cover  of younger m a t e r i a l ,  such a s  pyra3clas- 

t i c s ,  w i l l  b e a r  on t h e  i n t e r p r e t a t i o n  of t h e  r a d i o m e t r i c  ages  and 

o t h e r  chemical  d a t a  and on t h e  i n t e r p r e t a t i o n  of m a t e r i a l s  in 

o t h e r  a r e a s  which have a s i m i l a r  subdued a s p e c t  o r  r e f l e c t  :strong- 

l y  i n  t h e  b l u e  p a r t  of t h e  spectrum. 

S i t e  3 ( I 1  P-8,  C e n t r a l  One) 

Most of t h e  mare m a t e r i a l  i n  s i t e  3 ,  i n  S inus  Medi i ,  is as- 

s igned  t o  t h e  upper Imbrian,  s l i g h t l y  younger t h a n  t h e  mare mate- 

r i a l  i n  s i t e  2. Subdued E r a t o s t h e n i a n  c r a t e r s  a r e  up t o  600 rn 

a c r o s s ,  and t h e r e  a r e  abundant i n t e r m e d i a t e - s i z e  c r a t e r s ,  50 t o  

125 m across .  At t h e  wes te rn  end of t h e  s i t e ,  t h e  s u r f a c e  has  e 



more subdued appearance- - s imi la r  t o  b u t  n o t  a s  pronounced as t h a t  

i n  s i t e  2 ,  The e a s t e r n  c o n t a c t  of t h e  subdued a r e a  i s  g r a d a t i o n a l  

and cannot  be l o c a t e d  p r e c i s e l y ,  b u t  t h e  p resence  of s l i g h t l y  d i f -  

ferent m a t e r i a l  t o  t h e  wes t  has been noted independen t ly  by s e v e r a l  

obse rvers ,  The subdued mare m a t e r i a l  has been ass igned  t o  t h e  
-m c r a t s s t h e n i a n .  It r e p r e s e n t s  e i t h e r  a t h i n  mant le  of younger mate- 

r i a l ,  such a s  p y r o c l a s t i c s ,  o r  a n  a r e a  where t h e  o r i g i n a l  p r o p e r t i e s  

or" t h e  mare m a t e r i a l  were somewhat d i f f e r e n t .  I f  i t  i s  a t h i n  l a y e r  

of p y r o c l a s c i c s ,  t h e  r e g o l i t h  i n  t h i s  a r e a  would probably  y i e l d  

sarlples of bo th  t h e  Imbrian and E r a t o s t h e n i a n  u n i t s .  The main g o a l  

of a miss ion  t o  t h e  s i t e  thus  becomes t o  de te rmine  t h e  n a t u r e  and 

aye of t h e  Inibrian mare m a t e r i a l  and,  i n  t h e  wes te rn  p a r t  of t h e  

s i t e ,  the  p resence  o r  absence of a younger b lanke t .  A v e r y  low, 

narrow eas t -wes t  r i d g e  i n  t h e  e a s t e r n  p a r t  of t h e  s i t e  is  of i n t e r -  

est as the cosily mare r i d g e  w i t h i n  one of t h e  o r i g i n a l  u n r e l o c a t e d  

e a r l y  Apollo s i t e s ,  b u t  i t  w i l l  be d i f f i c u l t  t o  s t u d y  on a m i s s i o n  

o f  s h o r t  d u r a t i o n .  

Site 3R, j u s t  t o  t h e  n o r t h  of s i t e  3 ,  i s  on t h e  s o u t h  edge of 

t h e  more prominent ,  z igzag  mare w r i n k l e  r i d g e  n o r t h  of t h e  e l l i p s e .  

The nominal l and ing  p o i n t  i s  i n  Imbrian mare m a t e r i a l .  A 1-km 

traverse from t h e  l and ing  p o i n t  r eaches  a w e l l - d e f i n e d  t e r r a c e  a t  

the c o n t a c t  between t h e  r i d g e  and t h e  mare m a t e r i a l .  The convex- 

upward t e r r a c e  i s  s i m i l a r  t o  many o t h e r s  on t h e  Moon a t  t h e  base  

01 s t e e p  s lopes .  Most o p i n i o n  ho lds  t h a t  t h e  t e r r a c e  i s  a n  ac-  

cumula t ion  of mass-wasted d e b r i s  from t h e  upper p a r t s  of t h e  s l o p e ;  

c o n f i r m a t i o n  o r  r e j e c t i o n  of t h i s  h y p o t h e s i s  may be p o s s i b l e  on a 

manned miss ion. 

S i t e  4 (111 P-11, West Two) 

This s i t e ,  e a s t  of Flamsteed P ,  i s  e n t i r e l y  w i t h i n  Era tos then-  

i a n  mare m a t e r i a l .  Resolvable  b locks  a r e  abundant around c r a t e r s  

larger than 30 rn, i n d i c a t i n g  r e l a t i v e l y  coarse -gra ined  s u r f i c i a l  

ina te r fa l ,  The f ragmenta l  l a y e r  i s  a p p a r e n t l y  t h i n n e r  i n  t h i s  s i t e  

than in ehe cither f o u r  (Oberbeck and Quaide,  1968, p. 452). Other  



i n d i c a t i o n s  of r e l a t i v e  youth  a r e  t h e  p resence  of s e v e r a l  p o o r l y  

d e f i n e d  t o  w e l l - d e f i n e d  s inuous  s c a r p s  s u g g e s t i v e  of f low f r o n t s  

and a  widespread t e x t u r e  of low hummocks and hollows 5  t o  10 

a c r o s s  s u g g e s t i v e  of a n  o r i g i n a l  v o l c a n i c  topography. 

A few subdued c r a t e r s  50 t o  125 m a c r o s s  a r e  surrounded by 

t e r r a i n  w i t h  t h e  hummocky topography which t e r m i n a t e s  i n  a s inuous  

s c a r p  100 t o  800 m from t h e  c r a t e r  r i m .  The impress ion i s  s t r o n g  

t h a t  t h e s e  c r a t e r s  a r e  t h e  source  of t h e  f l o w  t h a t  forms t h e  s c a r p  

and a r e  probably  of i n t e r n a l  o r i g i n .  The c r a t e r s  a r e  s u f f i c i e n t l y  

r a r e  t h a t  t h e r e  is  l i t t l e  chance t h a t  a  l and ing  w i l l  occur  near 

enough t o  e n a b l e  t h e i r  i n v e s t i g a t i o n ;  o t h e r  subdued c r a t e r s  i n  the  

s i t e  i n  t h i s  s i z e  range ,  however, may a l s o  be of i n t e r n a l  o r i g i x  

b u t  a r e  u n i d e n t i f i a b l e  a s  such on a v a i l a b l e  photography. Th is  

a l s o  ho lds  t r u e  f o r  s i m i l a r  c r a t e r s  i n  t h e  o t h e r  s i t e s .  O f  inter- 

e s t  i n  t h i s  r egard  is  t h e  r e c e n t  work of F i e l d e r  and F i e l d e r  & 1968) , 
who genera ted  a  s e t  of a c c u r a t e  c r a t e r  s t a t i s t i c s  i n  t h e  r e g i o n  of 

t h e  wel l -developed f low f r o n t s  i n  t h e  e a s t e r n  p a r t  of Mare Imbrium 

( s e e  a l s o  Kuiper ,  1965, p. 31;  Oberbeck and Quaide,  1968, p, 459; 

Schaber ,  1969). The mare m a t e r i a l  i n  t h e  r e g i o n  of t h e  f lows ap- 

p e a r s  t o  be  of E r a t o s t h e n i a n  age. There a r e  more subdued t o  s l i g h t -  

l y  subdued c r a t e r s  50 t o  200 m i n  d iamete r  on t h e  upper o r  younger 

f low u n i t  t h a n  on t h e  lower o r  o l d e r  u n i t .  The excess  c r a t e r s  d o  

n o t  appear  t o  be  secondary impact c r a t e r s ,  and a n  endogenet ic  ori- 

g i n  seems c l e a r l y  i n d i c a t e d  ( F i e l d e r  and F i e l d e r ,  1968, p, 331, 

It appears  t h a t  on r e l a t i v e l y  young topography t h a t  develops  from 

l a v a  f l o w s ,  many c r a t e r s  may be  of i n t e r n a l  o r i g i n ,  b u t  such cra- 

t e r s  a r e  degraded and i n c r e a s i n g l y  d i f f i c u l t  t o  recognize  on older 

s u r f a c e s .  

The mare m a t e r i a l  i n  s i t e  4 has  been d i v i d e d  i n t o  two main 

u n i t s  on t h e  1:25,000-scale  map: Em has  s l i g h t l y  fewer E r a t o s t h e n -  2  
i a n  c r a t e r s  t h a n  Em A t h i r d  u n i t ,  Em i s  t h e  b e s t  example o f  

1' 3 ' 
a f low u n i t  su r rounding  a  c r a t e r  of p robab le  i n t e r n a l  o r i g i n ;  i t  

i s  of t o o  l i m i t e d  e x t e n t  t o  be  da ted  a c c u r a t e l y  and could  be  as 

young a s  Copernican. Uni t  Em s i t s  a t  t h e  top  of a w e l l - d e f i n e d  3 



mare scarp i n  the  e a s t - c e n t r a l  p a r t  of the s i t e .  The scarp  appears  

t o  be of  t ec ton ic  o r i g i n  and i s  s i g n i f i c a n t  both a s  a p lace  where 

mare s t r a t i g r a p h y  may be exposed and a s  a hazard f o r  e a r l y  manned 

l a n d i ~ g s ,  A Tycho ray (Crc t ,  Crf t )  cons i s t i ng  of a s e r i e s  of sub- 

dued c r a t e r s  with abundant reso lvable  blocks c rosses  the  landing 

ellipse a t  i t s  west end. The main information t o  be gained from 

a landing i n  the  s i t e  i s  the  age and composition of the Eratosthen- 

i an  mare mater ia l .  I n  t h i s  s i t e ,  d e t a i l s  of the  mechanisms of 

mare emplacement may be b e t t e r  shown than i n  the o the r s  because 

of the r e l a r i v e l y  f r e s h  appearance of the ma te r i a l  and the  t h i n  

layer of sun-face mater ia l .  

S i t e  4 R  i s  near  the  e a s t  edge of the northwest- t rending Tycho 

ray at the west end of the  e l l i p s e .  The nominal landing po in t  is 

i n  t y p i c a l  Era tos thenian  mare mater ia l .  A 1-km t r ave r se  from the  

landing p o i n t  reaches the  no r theas t  margin of the  ray. Chances 

seem good t h a t  ma te r i a l  der ived from the  t e r r a e  a t  the s i t e  of 

Tychs may be found i n  the  s u r f i c i a l  ma te r i a l  developed on the  ray. 

Samples of t h i s  e x o t i c  ma te r i a l  may he lp  determine the  age of Tycho. 

S i t e  5 ( I 1  P-13, West One) 

This site southwest of Kepler a l s o  l i e s  e n t i r e l y  w i th in  Era- 

tosthenian mare mater ia l .  As i n  s i t e  4 ,  t he re  a r e  more reso lvable  

blocks around c r a t e r s  than i n  s i t e s  1, 2 ,  and 3 ,  which suggests  

t ha t  the s u r f i c i a l  ma te r i a l  i s  gene ra l ly  coarser  grained,  a s  would 

be expected on a younger su r f ace  t h a t  was o r i g i n a l l y  so l id .  Blocks 

are much nore abundant i n  s i t e s  4 and 5 than on the  patches of Era- 

tos thenian  mare ma te r i a l  i n  s i t e s  1 and 3 .  S i t e  5 i s  surrounded 

3y rays s f  the system around Kepler;  on Orb i t e r  photographs, the  

rays can be seen t o  c o n s i s t  of c l u s t e r s  of moderately subdued cra-  

t e r s  on l i n e s  r a d i a l  t o  Kepler. Small weakly developed c r a t e r  

c l u s t e r s  and lineaments r a d i a l  t o  Kepler occur w i th in  the  s i t e  it- 

s e l f ,  I s o l a t e d  subdued c r a t e r s  of intermediate  s i z e  (50-125 m i n  

diameter) and age (Ec-Cc ) a r e  p re sen t ,  and some of these  may a l s o  
2 

b e  secondary impact c r a t e r s  of t he  Kepler f i e l d .  Thus some mate- 

rial derived from depth a t  Kepler may be present  i n  the  s u r f i c i a l  
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e x c l u s i v e  o f  c r a -  
t e r s  

Remarks o n  s t r a t i g r a p h y  

T a b l e  3.--Summary o f  g e o l o g i c  c h a r a c t e r i s t i c s  o f  A p o l l o  l a n d i n g  s i t e s  o f  s e t  C  ( s e e  f i g .  1  f o r  l o c a t i o n s )  

S i t e  5 S i t e  4 S i t e  1 S i t e  2  S i t e  1 
( I 1  P-13 ,  E a s t  One) ( 1 1 1  P-11 ,  ldes t  Tido) ( I 1  P - 8 ,  C e n t r a l  One) ( I 1  P - 6 ,  E a s t  One) ( I 1  P - 2 ,  E a s t  Two) 
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Em3) Im3) r i a l  (C tm,  Ctms) 

K e p l e r  r a y  m a t e r i a l  Tycho r a y  m a t e r i a l  
( C r f k )  ( C r c t ,  C r f t )  

U n i t  Em may be  
~ o p e r ? i c a n  
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f e a t u r e s  L i n e a m e n t s  r a d i a l  t o  S e v e r a l  f l o w  f r o n t s .  

K e p l e r  Elajor  s c a r p .  Wide- 
s p r e a d  hummocky 
t e x t u r e  may b e  v o l -  
c a n i c  

E s s e n t i a l s  of c r a t e r  
p o p u l a t i o n  

R e l a t i v e  a b u n d a n c e  o f  
b l o c k s  

Eledian t h i c k n e s s  o f  
r e g o l i t h ,  f rom mor- 
p h o l o g i e s  of  s o i a l l  
c r : , i r r s j  

E r a t o s  t h e n i a n  mare - - 
m a t e r i a l  (Em). 
Elare r i d g e  m a t e r i -  
a  1  ( Imr) . 

U n i t  Em may b e  a t h i n  U n i t  Im may be 
c o v e r  o f  p y r o c l a s -  

3 
E r a t o s t h e n i a n  

t i c s  o r  C o p e r n i c a n .  
Idhole s i t e  may 
h a v e  m a n t l e  o f  
y o u n g e r  m a t e r i a l  

h 'd - t rend ing  and NE- F low f r o n t s  i n  SIJ 
t r e n d i n g  l i n e a -  c o r n e r .  Weak 
ments  i n  Iml  and s c a r p s  w i t h  a  
Imr v a r i e t y  o f  o r i e n -  

t a t i o n s  

C o p e r n i c a n  mare m a t e r i a l  (Cm). 
E r a t o s t h e n i a n  mare m a t e r i a l  

(Eml, Em2). 
I m b r i a n  mare m a t e r i a l  ( Im) .  
P i t t e d  m a t e r i a l  ( E p h ,  Epg) .  
T e r r a  m a t e r i a l  ( I p I t h ,  I p I t s ) .  
Tycho and T h e o p h i l u s  r a y  

m a t e r i a l  ( C c c 5 ,  Ccc l ) .  

D i s c r e t e  m a n t l e  of  m a t e r i a l  
o v e r l i e s  o l d e r  c r a t e r e d  
t e r r a i n  o f  I m b r i a n  o r  p r e -  
I m b r i a n  a g e .  Age of 
m a n t l e  n o t  c e r t a i n .  

A  few s i n u o u s  s c a r p s .  

No g e n t l e  d e p r e s s i o n s  Ko g e n t l e  d e p r e s s i o n s  G e n t l e  d e p r e s s i o n s  G e n t l e  d e p r e s s i o n s  G e n t l e  d e p r e s s i o n s  and sub-  
>ZOO m. Abundant  >ZOO m. Abundant  and subdued  c r a -  and subdued  c r a -  dued  c r a t e r s  up t o  700 m. 

. c r a t e r s  50-125 rn. c r a t e r s  50-125 m. t e r s  up t o  600 m. t e r s  up t o  700 m. R e l a t i v e l y  few c r a t e r s  
Abundant  c r a t e r s  R e l a t i v e l y  few 50-200 m. 
50-125 m. c r a t e r s  50-125  m. 

Abundant  ( 0 . 2  x 10-~/m Abundan t  
>I m a c r o s s '  

AearesL  S u r v e y o r  I ,  120 km soiit1ir:es t 1 , L O O  km r!es t 

R a r e  ( 0 . 0  x 1 0 - ~ / m '  Rare  Rare  
' 1  m a c r o s s 2  
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m a t e r i a l  of  t h e  s i t e ,  and f i n e - s c a l e  t e x t u r a l  d e t a i l s  r e l a t e d  t o  

the KepBer rays  may be p r e s e n t .  The c h i e f  g o a l  of a l a n d i n g  i n  

the s i t e ,  however. i s  t h e  d e t e r m i n a t i o n  o f  t h e  age  and composi t ion 

of t h e  E r a t o s t h e n i a n  mare m a t e r i a l .  

SUMMARY 

Early manned land ings  on t h e  Moon w i l l  p robab ly  c o n c e n t r a t e  

on those  f e a t u r e s  t h a t  occur  a l l  over  t h e  p l a n e t - - t h e  r e g o l i t h  and 

smal l  c r a t e r s .  L a t e r  e x p l o r a t i o n ,  whether  manned o r  unmanned, w i l l  

be  d i r e c t e d  b r o a d l y  t o  working o u t  a more complete g e o l o g i c  h i s t o r y  

of t h e  Moon through land ings  and t r a v e r s e s  a c r o s s  f e a t u r e s  of a 

v a r i e t y  of ages  and p robab le  o r i g i n s .  Each of t h e  e a r l y  Apol lo  

l and ing  s i t e s  d i s c u s s e d  h e r e  d i f f e r s  from t h e  o t h e r  f o u r  i n  some 

r e s p e c t ,  D i f f e r e n c e s  and s i m i l a r i t i e s  among t h e  s i t e s  a r e  surnmar- 

ized i n  t a b l e  3. C r a t e r  p o p u l a t i o n  is probab ly  t h e  most d i s t i n c -  

t i v e  c h a r a c t e r i s t i c  of each s i t e  b u t  does  n o t  c o r r e l a t e  e x a c t l y  

w i t h  o t h e r  c h a r a c t e r i s t i c s .  S i t e  3 has  a c r a t e r  p o p u l a t i o n  genera l -  

l y  s i m i l a r  t o  t h a t  of s i t e s  4  and 5  b u t  has  s l i g h t l y  o l d e r  c r a t e r s  

and lacks  t h e  abundant r e s o l v a b l e  b locks  of t h e  w e s t e r n  sites. 

S i t e s  4 and 5 have s i m i l a r  c r a t e r  p o p u l a t i o n s ,  b u t  5 l a c k s  t h e  

humocky t e x t u r e  and f low f r o n t s  of 4. C r a t e r  p o p u l a t i o n s  i n  s i t e s  

k and 2 a r e  s i m i l a r ,  b u t  a cover  of young m a t e r i a l  has  been mapped 

i n  1 and n o t  i n  2. A p p r e c i a t i o n  of t h e s e  d i f f e r e n c e s  w i l l  be  es -  

s e n t i a l  t o  a complete i n t e r p r e t a t i o n  of r e t u r n e d  l u n a r  samples and 

observa t ions , ,  
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